Results of large-scale coupled-cluster calculations of selected C 2 H 2 Si and CNHSi structural isomers are reported. Equilibrium molecular structures of a total of 12 molecules in their singlet electronic states have been calculated systematically employing the coupled-cluster singles and doubles model augmented by a perturbative correction for triple excitations ͑CCSD͑T͒͒ in combination with Dunning's hierarchy of correlation consistent basis sets. In addition, anharmonic force fields were calculated to yield fundamental vibrational frequencies and rotation-vibration interaction constants ␣ i A,B,C . The latter were used to determine empirical equilibrium structures r e emp of two moleculessilacyclopropenylidene, c-C 2 H 2 Si, and silapropadienylidene, H 2 CCSi -for which sufficient isotopic data are available from literature. Very good agreement with theoretical equilibrium structures from CCSD͑T͒ calculations employing core-valence basis sets of quadruple and quintuple-zeta quality -i.e., cc-pwCVQZ ͑337 basis functions͒, cc-pCV5Z, and cc-pwCV5Z ͑581 basis functions͒ is found -to within 0.001 Å for bond lengths and 0.1°for bond angles. Theoretical ground state rotational constants of HSiCN and HSiNC compare very favorably with experimental microwave data from literature, to within 0.15% ͑HSiCN͒ and 0.1% ͑HSiNC͒ for the B 0 and C 0 rotational constants. In the case of c-C 2 H 2 Si and H 2 CCSi this agreement is even better than 0.1%. For the latter two molecules effects of higher-level electron-correlation and relativity to the equilibrium geometry as well as the electronic contributions to the rotational constants are investigated. For eight molecules not yet studied at high spectral resolution in the gas-phase theoretical molecular parameters are provided to support future laboratory investigations. Theoretical vibrational fundamentals compare well with data of eight species studied previously with infrared matrix isolation spectroscopy.
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I. INTRODUCTION
Silicon belongs to the ten most abundant elements in the cosmos and hence plays a vital role in astrochemistry. As of May 2009, eleven silicon bearing molecules have been detected in space corresponding to almost 10% of the total number of known astronomical molecules. 1 Here, the circumstellar shell of the prototypical late-type star IRC + 10 216 has been found to be particularly rich in these molecules. 2, 3 Because of their importance for radio astronomy and astrochemistry, several transient silicon bearing molecules have also been studied in the gas phase in the laboratory mainly through rotational spectroscopy. 3 Owing to their similarity to known astronomical molecules, those of the composition C 2 H 2 Si and CNHSi ͑see Fig. 1͒ might be abundant in space as well. Silacyclopropenylidene, c-C 2 H 2 Si ͑molecule 1 in Fig. 1͒ , is a dihydrogenated variant of c-SiC 2 which is one of the most abundant molecules in circumstellar shells. 2, 4 HSiCN ͑cyanosilylene, 7͒ and HSiNC ͑isocyanosi-lylene, 8͒ are closed-shell hydrogenated forms of the SiCN and SiNC radicals, both of which are known in IRC + 10216. 5, 6 Initial experimental evidence for C 2 H 2 Si and CNHSi isomers in the laboratory was obtained through infrared matrix isolation spectroscopy performed by the Maier group at Gießen. Their study of C 2 H 2 Si isomers led to the characterization of silacyclopropenylidene ͑c-C 2 H 2 Si, 1͒, vinylidenesilanediyl ͑H 2 CCSi, 2͒, ethinylsilylene ͑HSiCCH, 3͒, and silacyclopropyne ͑c-H 2 SiC 2 , 5͒. 7, 8 The matrix study of CNHSi isomers 9 revealed evidence for HSiCN ͑7͒, HSiNC ͑8͒, azasilacyclopropenylidene ͑c-CHNSi, 9͒, and silaisocyanocarbene, HCNSi ͑10͒. Subsequently, a total of four C 2 H 2 Si and CNHSi molecules were also studied by high resolution spectroscopic techniques, i.e., microwave-and millimeter-wave spectroscopy. The millimeter wave spectrum of silacyclopropenylidene ͑1͒ was reported 10 as was a Fourier transform microwave ͑FTMW͒ study of H 2 CCSi ͑2͒. 11 In case of CNHSi structural isomers, HSiCN ͑7͒ and HSiNC ͑8͒ were identified in the gas phase through FTMW spectroscopy.
Sherrill et al.
14 Recently, frozen-core CCSD͑T͒/cc-pVTZ calculations of six C 2 H 2 Si isomers were reported by Ikuta et al. 15 to determine equilibrium structures, ionization potentials, and electron affinities. The authors also identified another silacyclopropenylidene 4 as a minimum on the potential energy surface ͑PES͒. In case of the isoelectronic CNHSi family, Maier et al. 9 found the bent chain HSiCN ͑7͒ to be the global minimum on the PES followed by the chain molecule HSiNC ͑8͒ and cyclic azasilacyclopropenylidene ͑9͒, a result confirmed by more recent theoretical studies. 16, 17 The present paper reports results of high-level ab initio calculations of selected molecular properties of singlet C 2 H 2 Si and CNHSi structural isomers. In detail the study comprises the determination of molecular equilibrium structures obtained at the CCSD͑T͒ level of theory 18 using Dunning's hierarchy of correlation consistent basis sets [19] [20] [21] [22] and evaluation of harmonic and anharmonic force fields at selected levels of theory to determine centrifugal distortion constants, vibration-rotation interaction constants, and harmonic as well as fundamental vibrational frequencies. For molecules for which sufficient laboratory isotopic data are available, i.e., c-C 2 H 2 Si ͑1͒ and H 2 CCSi ͑2͒, the combination of experimental ground state rotational constants and rotation-vibration interaction constants ␣ i A,B,C from theory has been used to evaluate empirical equilibrium structures r e emp . Additionally, for energetically higher lying C 2 H 2 Si and CNHSi structural isomers the combination of theoretical equilibrium rotational and rotation-vibration interaction constants is used to predict accurate ground-state rotational constants. The determination of fundamental vibrational frequencies permitted a qualitative comparison against infrared data from matrix isolation experiments for more than half a dozen molecules of the sample. Additionally, spectroscopically important parameters such as dipole moments and 14 N nitrogen quadrupole coupling constants have been calculated.
The molecules studied here are promising candidates for future laboratory spectroscopic studies in particular by FTMW spectroscopy. Some calculations were performed using the development version of CFOUR 25 at Mainz with its recent parallel implementation of CC energy and first-and second-derivative algorithms 26 and calculations at the CCSDT͑Q͒ 27,28 level were performed with the string-based many-body code MRCC 29 which has been interfaced to CFOUR. In the frozencore ͑fc͒ approximation, Dunning's d augmented correlation consistent basis sets cc-pV͑X + d͒Z 19 with X = T and Q were employed for the silicon atom and standard basis sets cc-pVXZ 20 for hydrogen, carbon, and nitrogen ͓denoted as CCSD͑T͒ / cc-pV͑X + d͒Z in the following͔. For calculations correlating all electrons the basis sets cc-pCVXZ 21, 22 and their weighted variants cc-pwCVXZ 22 with X = T, Q, and 5 were used, the former type, however, only for the structural optimization of a subsample of molecules -c-C 2 H 2 Si ͑1͒, H 2 CCSi ͑2͒, HSiCN ͑7͒, and HSiNC ͑8͒ -to study differences in its performance against the weighted basis sets.
II. THEORETICAL METHODS
Equilibrium geometries were calculated using analytic gradient techniques. 30 Harmonic and anharmonic force fields were calculated using analytic second-derivative techniques 31, 32 followed by additional numerical differentiation to calculate the third and fourth derivatives needed for the anharmonic force field. 32, 33 While the CCSD͑T͒/ccpVQZ level of theory has been found to yield molecular force fields of very high quality and is hence often used as the level of choice in these calculations ͑e.g., Refs. 34-36͒, it is computationally ͑rather͒ demanding for larger molecules and/or molecules carrying second row elements such as those studied here. At the same time it has been shown on a number of occasions, that accurate empirical equilibrium structures are obtained also with zero-point vibrational corrections computed using smaller basis sets such as cc-pVTZ ͑see, e.g., Refs. 37-41͒. As a consequence, the force fields in the present study were calculated at the CCSD͑T͒ / cc-pV͑T + d͒Z level of theory in the fc approximation for the total sample of 12 molecules. For a subsample of those, the two energetically lowest structural isomers of either family, harmonic, and anharmonic force fields were also obtained at the CCSD͑T͒/cc-pwCVTZ and CCSD͑T͒ / cc-pV͑Q+d͒Z levels of theory for comparison. At the former two theoretical levels rotation-vibration interaction constants and fundamental vibrational frequencies were obtained whereas at the CCSD͑T͒ / cc-pV͑Q+d͒Z level only the rotation-vibration interaction constants were calculated according to formulas given in Ref. 42 . Transformation of the computed force fields of the main isotopic species to the normal coordinate representation of other isotopic species permits the determination of their corresponding ␣ i A,B,C values needed for individual correction for zero-point vibrational contribution. Since this is not possible for the semidiagonal quartic force field fundamental vibrational frequencies were calculated only for the parent isotopic species.
To estimate relativistic effects and the electron contribution to the moments of inertia, test calculations were performed for two C 2 H 2 Si isomers, 1 and 2. Relativistic effects were calculated at the MP2/cc-pCVQZ level of theory using an analytic scheme for the computation of scalar-relativistic corrections to nuclear forces ͑denoted as MVD1͒ 43 and via a direct perturbation theory ͑DPT2͒ scheme. 44 Electronic contributions ⌬B el to the rotational constants are related to the rotational g tensor via ⌬B el = ͑m e / m p ͒gB e , 45 with m e and m p being the masses of the electron and the proton. Rotational g tensors for 1 and 2 were calculated at the respective CCSD͑T͒/cc-pwCVQZ equilibrium structures using the CCSD͑T͒ approach and the aug-cc-pCVTZ basis set. 21, 22, 46, 47 The rotational g tensors are obtained as second derivatives of the energy with respect to the external magnetic field and rotational angular momentum, while gauge-origin independence and fast basis set convergence are ensured by using gauge-including atomic orbitals ͑London atomic orbitals͒ as well as their extension to treat rotational perturbations ͑rota-tional London atomic orbitals͒. 48, 49 
III. MOLECULAR STRUCTURE
Over the years, several approaches have been developed to determine approximate molecular equilibrium structures from rotational constants obtained through high resolution spectroscopic investigations ͑see, e.g., Ref. 50 , and references therein͒. The experimental determination of equilibrium structures through microwave spectroscopy requires measurement of molecular rotational constants from a sufficient sample of isotopic species and all their rotationvibration interaction constants making this approach practical only for small molecules. Probably the most convenient way to determine accurate equilibrium structures for molecules exceeding three atoms lies in the combination of experimental rotational constants and zero-point vibrational corrections from ab initio theory according to
where similar equations also hold for the A and C rotational constants. In Eq. ͑3.1͒, B 0 exp is the experimental rotational constant in the ground vibrational state. The zero-point vibrational corrections
A,B,C,calc ͑=⌬A 0 , ⌬B 0 , ⌬C 0 ͒ are obtained from theoretical anharmonic force fields and secondorder rovibrational perturbation theory ͑VPT2͒. 42 The sum over vibration-rotation interactions constants is taken over each of the normal vibrational modes. With this approach, empirical ͑also dubbed semiexperimental͒ rotational constants A e emp , B e emp , and C e emp are obtained that are subjected to a least-squares fitting procedure to finally yield the empirical equilibrium structural ͑r e emp ͒ parameters. Some statistical studies on the determination of empirical equilibrium structures have been described in the literature for sets of molecules containing first-row atoms 34, 35 and it was found that the approach outlined above yields equilibrium structures of generally high quality. Additionally, from a comparison of ͑empirical͒ equilibrium structures against CCSD͑T͒ calculations in combination with different basis sets it was concluded that equilibrium structures obtained ab initio at the CCSD͑T͒/cc-pCVQZ level of theory are very accurate. This was basically confirmed in a more recent statistical theoretical study of molecules harboring second row elements 51 in which it was pointed out that usage of the weighted basis cc-pwCVQZ yielded yet another slight improvement. In the same study also the better performance of the cc-pV͑X + d͒Z basis sets over the cc-pVXZ basis sets for second row atoms was stressed. In the present study, calculations were carried out generally following these findings.
IV. RESULTS AND DISCUSSION
A. c-C 2 H 2 Si "1… and H 2 CCSi "2…
To date, a total of four isotopologues were reported for 1 10 and five for 2 11 which were used in these studies to evaluate corresponding r s or r 0 structures ͑see Tables I and II͒. In the present investigation empirical equilibrium structures are evaluated corresponding to minima on the C 2 H 2 Si potential energy surface. The required zero-point vibrational corrections were determined from three ab initio force fields ͑ff1 to ff3͒ and the corresponding results are collected in Tables III  and IV. As can be seen, the values are found to be consistent and to vary only very little to within about 1 MHz for the B and C rotational constants. Prior to the derivation of an empirical equilibrium structure of 1, as a check, the data of Izuha et al. 10 were refitted using a Watson-type Hamiltonian in the A reduction and representation III l . 52 Essentially, the same rotational constants and centrifugal distortion ͑cd͒ terms were obtained. It should be recalled that these rotational constants are effective rotational constants and slightly dependent on whether A or S reduction is used in the line fitting procedure. Reduction independent rotational constants were calculated for each isotopic species with corrections obtained from the corresponding cd terms using equations given in Ref. 52 . However, the magnitude of this correction is very small ͑of order 100 kHz for A and 20 kHz only for B and C͒ and negligible here in the determination of the empirical equilibrium structure of 1. Subsequently, empirical equilibrium rotational constants of 1 were calculated from Eq. ͑3.1͒ and are compiled in Table III . The inertial defect
v may serve as an indicator for the effectiveness with which the zero-point vibrational effects are removed through this procedure. Table III Empirical equilibrium structures of 1 were finally obtained through least-squares fitting of the structural parameters to the empirical equilibrium moments of inertia I b e and I c e ͑calculated from the B e and C e constants in Table III and using the same weight for all isotopic species͒ assuming C 2v symmetry of the molecule. The three empirical equilibrium structures are given in Table I . As can be seen, there is virtually no influence of the force field used in the derivation of Isotopic species ff the zero-point vibrational corrections since the equilibrium structural parameters obtained are practically identical. The same approach was followed in the derivation of the empirical equilibrium structures of H 2 CCSi ͑2͒. The three sets of B e and C e rotational constants obtained from Eq. ͑3.1͒ and the zero-point vibrational corrections from force fields ff1 to ff3 are given in Table IV and the resulting empirical equilibrium rotational constants are collected in Table II . Again the three equilibrium structures are practically identical. Statistical uncertainties of structural parameters in the fits are generally very small, not exceeding 2 ϫ 10 −4 Å for bond lengths and 0.01°for angles.
The empirical equilibrium structures of 1 and 2 may now be compared against the corresponding theoretical equilibrium structures obtained. The structural parameters of 1 and 2 obtained ab initio at the CCSD͑T͒ level of theory and using six different basis sets are also given in Tables I and II . From there it is found that bond angles show very little sensitivity to the basis set employed. In 1, the angle a 1 varies only within 0.1°͓from 156.53°͑cc-pCVTZ͒ to 156.61°͑cc-pwCVTZ͔͒. Little variation is also found for a 2 which varies within less than 0.15°, from 43.27°͑cc-pCVTZ͒ to 43.42°͑ cc-p͑w͒CV5Z͒ and the unique angle a 1 in H 2 CCSi ͑2͒ which varies well within 0.1°. In either case, the different sets of bond angles-ab initio versus r e emp -show very good agreement. The theoretical bond lengths exhibit the expected shortening upon expansion of the basis set. To illustrate and evaluate their dependence on the basis sets and to estimate the quality of the ab initio structural calculations performed here ͑and ultimately the predictive power for related molecules͒, plots were produced in which the bond length differences r i − r e,i emp are shown as a function of the basis sets ͑Fig. 2͒. Very good agreement ⌬͑r i − r e,i emp ͒ Ӷ 1 ϫ 10 −3 Å is found at the CCSD͑T͒/cc-pwCVQZ level for both molecules. It is apparent, that the performance of the weighted corevalence basis sets cc-pwCVXZ is superior to that of the cc-pCVXZ family, as displayed through the corresponding bond length shortening and in accord with the finding of Coriani et al. 51 This behavior is observed for any bond length but most significantly for those involving the second row element silicon and in particular when using the core-valence basis set of triple-zeta quality. Upon further expansion of the core-valence basis sets from quadruple to quintuple-zeta quality the theoretical bond lengths involving hydrogen and/or carbon exhibit only a minor decrease indicating that their basis set limit has almost been reached. In contrast, bonds involving silicon still show a significant shortening resulting in significantly negative values of r i − r e,i emp of up to −1 ϫ 10 −3 Å for 2. The shortening is so large, that even further shortening of a few 10 −4 Å is expected upon expansion to a hypothetical cc-p͑w͒CV6Z basis.
To investigate the intrinsic shortcoming of the CCSD͑T͒ method, comparative calculations have been performed using the coupled-cluster variants CCSD͑T͒, CCSDT, and CCS-DT͑Q͒, i.e., including a full treatment of triple excitations and with an additional perturbative treatment of quadruple excitations, respectively, in combination with the cc-pVDZ basis set. The results of these calculations are shown in Table  V . As can be seen, the structural changes between CCSD͑T͒ and CCSDT are practically negligible. However, with the CCSDT͑Q͒ method a significant lengthening of about 1.5 ϫ 10 −3 Å is found for the carbon-silicon bond distances in both molecules which rather well matches the shortening observed at the CCSD͑T͒/cc-p͑w͒CV5Z level of theory.
For the sake of completeness, two more possible ͑but significantly smaller͒ influences on the molecular structures of 1 and 2 were investigated, relativistic effects and the electronic contribution to the moment of inertia. Relativistic effects obtained at the MP2/cc-pCVQZ level of theory are tabulated in Table I in the supplementary electronic  material 53 ͑SEM͒ where they are compared against structural parameters obtained at the same level of theory without taking relativistic effects into consideration. As can be seen, their influence is found to be practically negligible for both molecules studied. The electronic contribution ⌬B el to the ground state rotational constants has been found to be very small for a statistical sample of molecules harboring firstrow elements exclusively. 54 For molecules 1 and 2 ⌬B el has been calculated at the CCSD͑T͒/aug-cc-pCVTZ level of theory employing the CCSD͑T͒/cc-pwCVQZ equilibrium structures and the results are given in Table II of the SEM. As expected, ⌬B el Ӷ⌬B 0 and the magnitude of ⌬B e is comparable to the variation of ⌬B 0 observed for the three different force fields ff1 to ff3 which has already been shown to affect the empirical equilibrium structures only very little. A comparison of empirical equilibriums structures of 1 and 2 in Tables I and II ͑ff3͒ for c-C 2 H 2 Si ͑1, top͒ and H 2 CCSi ͑2, bottom͒ as a function of the basis set used in the CCSD͑t͒ structural optimization ͑see text͒. The cc-pV͑X + d͒Z basis sets were used in frozen-core calculations whereas the cc-pCVXZ and cc-pwCVXZ basis sets were used when correlating all electrons. The parameter definitions r i refer to the ones introduced in Fig. 1 and are also given in the inserts in the upper right.
TABLE V. Effect of higher order excitations in the CC expansion on the structural parameters of 1 and 2 using the cc-pVDZ basis set in the frozen-core approximation ͑in Å and degrees͒. CCSDT at the CCSD͑T͒/cc-pwCVQZ level of theory and in addition an adequate description of the molecular force field is obtained at the CCSD͑T͒ / cc-pV͑T+d͒ level of theory. In the following, this approach will be used to make predictions for rotational constants of structural isomers not yet studied through rotational spectroscopy.
B. HSiCCH, c-HSiCCH, c-H 2 SiC 2 , and H 2 SiCC
Molecular equilibrium structures of the higher energy isomers 3 to 6 were calculated using CCSD͑T͒ and the cc-pV͑T+d͒Z, cc-pV͑Q+d͒Z, cc-pwCVTZ, and ccpwCVQZ basis sets. Individual tables for each molecule summarizing the structural data obtained at the four levels of theory are given in Tables III-VI of the SEM. Predictions for the ground state rotational constants A 0 , B 0 , and C 0 of the four molecules are given here in Table VI . The A e , B e , and C e rotational constants in Table VI are based on the molecular equilibrium structures obtained at the CCSD͑T͒/cc-pwCVQZ level of theory given in Table XIII of the SEM. There a larger number of decimal places is provided to allow for reproduction of equilibrium rotational constants as obtained with the ACESII program ͑for all 12 molecules studied here͒. The zero-point vibrational contributions
A,B,C are obtained from the CCSD͑T͒ / cc-pV͑T+d͒Z force fields. Table  VII gives the CCSD͑T͒/cc-pwCVQZ electric dipole moment component equilibrium values of the six C 2 H 2 Si species. They are found to range from about one up to several debyes making all molecules intrinsically well suited for microwave spectroscopic detection.
C. HSiCN and HSiNC
HSiCN ͑7͒ and HSiNC ͑8͒ are the two CNHSi structural isomers characterized experimentally in the gas-phase so far, identified by means of FTMW spectroscopy. 12 Not only the parent isotopic species but also the deuterated variants DSiCN and DSiNC were characterized. However, since I c e = I b e + I a e in planar molecules, the rotational constants from two isotopic sets are not sufficient to determine the five unique parameters in an experimental structural determination of neither HSiCN nor HSiNC without imposing any constraints so no empirical equilibrium structures were determined here. Tables VII and VIII, and XIII in the SEM summarize the ab initio structural parameters of HSiCN and HSiNC obtained at the six different levels of theory in the present investigation. Zero-point vibrational corrections from ff1 to ff3 as well as resultant theoretical ground state rotational constants A 0 , B 0 , and C 0 using the equilibrium rotational constants at the CCSD͑T͒/cc-pwCVQZ level of theory are given here in Table VIII Table VIII gives theoretical ground state rotational constants for four additional energetically higher lying CNHSi structural isomers 9 to 12 obtained from the CCSD͑T͒/ccpwCVQZ equilibrium rotational constants and the zero-point vibrational corrections evaluated at the CCSD͑T͒ / cc-pV͑T + d͒Z level of theory. Theoretical equilibrium structures from CCSD͑T͒ calculations using four different basis sets for all TABLE VI. Theoretical equilibrium rotational constants ͑CCSD͑T͒/cc-pwCVQZ͒, zero-point vibrational corrections ͑͑fc͒CCSD͑T͒ / cc-pV͑T+dZ͒ ⌺ i ␣ i A,B,C / 2 and ground state rotational constants for energetically higher lying C 2 H 2 Si structural isomers ͑in MHz͒. 
E. Relative energies
The molecular numbering scheme employed here ͑Fig. 1͒ is based on the relative energy ordering evaluated at different levels of theory in earlier studies of both molecular systems. 9, [15] [16] [17] For the sake of completeness, relative energies have also been computed here using absolute energies evaluated at the CCSD͑T͒/cc-pwCVQZ level of theory and zero-point vibrational energies at the CCSD͑T͒ / cc-pV͑T + d͒Z level of theory ͑Table IX͒. To avoid resonance denominators in the anharmonicity constants used to calculate the zero-point vibrational energy ͑ZPVE͒ contribution, the socalled G 0 term was included ͑see Refs. 55-57,and references therein͒.
F. Centrifugal distortion terms
Theoretical equilibrium centrifugal distortion constants of all 12 molecules are given in Table XIV in the SEM. In case of c-C 2 H 2 Si ͑1͒, the full set of quartic cd constants is known from experiment obtained from a least-squares analysis employing a Watson type asymmetric rotor Hamiltonian in the A reduction. 10 The agreement between experimental and the different sets of calculated equilibrium cd terms is found to be generally very good. Owing to the highly prolate character of 2, 6, and 7 and a-type spectra observed only two out of five cd terms-D J and D JK -were obtained in the experimental investigations 11, 12 which are in good agreement with the theoretical data obtained here. Discrepancies are attributed to the lack of vibrational contributions to the cd terms which were not calculated here. For the remaining species theoretical values were calculated from ff1 and are given either in A reduction ͑4, 5, 9, 12͒ or S reduction ͑3, 6, 10, 11͒.
G.

N quadrupole coupling
At centimeter wavelengths rotational spectra of CNHSi isomers exhibit hyperfine structure from the presence of the 14 N nucleus ͑I =1͒ resolvable with high resolution techniques such as FTMW spectroscopy.
14 N nuclear quadrupole coupling constants aa and bb were calculated from the corresponding electric field gradients obtained at the CCSD͑T͒/ccpwCVQZ level of theory ͑Table VII͒. Almost perfect agreement is found against the experimental values for HSiCN ͑7͒ and HSiNC ͑8͒. 12 For comparison, values obtained at the lowest level employed here ͑CCSD͑T͒ / cc-pV͑T+d͒Z͒ are also given for those two molecules which are of comparable quality suggesting that this theoretical level is adequate to evaluate electric field gradients in the molecules studied here. 
H. Vibrational fundamentals
Harmonic and fundamental vibrational frequencies were calculated from quadratic, cubic, and semidiagonal quartic force fields at the ͑fc͒CCSD͑T͒ / cc-pV͑T+d͒Z level of theory for all twelve molecules studied here ͑ff1͒ and additionally at the CCSD͑T͒/cc-pwCVTZ ͑ff2͒ level for molecules 1, 2, 5, 7, and 8. In the absence of any gas-phase high resolution spectroscopic studies of any of the molecules no quantitative comparison of the theoretical vibrational fundamentals against experiment is feasible. Qualitatively, our results may be compared against data from matrix isolation spectroscopy of selected C 2 H 2 Si ͑1, 2, 3, 5͒ and HCNSi ͑7, 8, 9, 10͒ structural isomers 7-9 which reveals good agreement.
V. CONCLUSIONS
The present paper reports results from high-level coupled-cluster calculations of twelve small silicon bearing molecules of the C 2 H 2 Si and CNHSi families. The sets of semiexperimental structural parameters obtained for c-C 2 H 2 Si ͑1͒ and H 2 CCSi ͑2͒ agree to within 3 ϫ 10 −4 Å and 0.02°and are in excellent agreement with results from highlevel coupled-cluster calculations performed here, in particular, with those obtained at the CCSD͑T͒ / cc-p͑w͒CVXZ ͑X =Q,5͒ levels of theory. Usage of basis sets of quintuple-zeta quality, however, yields equilibrium bond lengths between carbon and silicon that appear too short by an amount up to or even exceeding 10 −3 Å, a finding which we identify as being due to a lack of quadruple excitations in the CCSD͑T͒ treatment. It is concluded that the CCSD͑T͒/cc-pwCVQZ level of theory offers the best computational cost-benefit ratio of all theoretical levels used here in determining accurate molecular equilibrium structures. A systematic study of a larger sample of molecules is clearly indicated. Properties such as zero-point vibrational contributions to the rotational constants, quartic centrifugal distortion constants, and 14 N quadrupole coupling constants are obtained reliably at moderate computational cost. In addition, theoretical fundamental frequencies obtained show good agreement with experimental values obtained from matrix isolation spectroscopy of several species.
Very recently, HSiCCH ͑3͒ was characterized by FTMW spectroscopy and a detailed description of this study will be given elsewhere. 59 This structural isomer is calculated here to lie 20 kcal/mol above the global minimum 1. The ring species 4 lies about 40 kcal/mol above ground followed by 5 located at 48 kcal/mol. Given the fact that, for example, HC 3 N structural isomers up to 51 kcal/mol above the global minimum were already detected by FTMW spectroscopy 60, 61 isomers 4, 5, and probably even 6 might be detectable with this sensitive technique. The same holds for the CNHSi structural isomers for which the energetically highest lying species studied here is found at about 34 kcal/mol above the global minimum. As found out already in previous studies, isomer 9 is located only slightly higher than the global minimum ͑calculated here at 4 kcal/mol͒ and hence is a prime candidate for future microwave detection.
Provided sufficient isotopic data is available from experiment, the present study suggests that accurate empirical equilibrium structures of polyatomic molecules carrying second row elements may be obtained with zero-point vibrational contributions calculated at a moderate level of computational cost, such as CCSD͑T͒ with basis sets of triple-zeta quality. Systematic studies of larger samples of molecules are desirable for future quantitative analysis.
